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Abstract 
Multimodal Biometrics is an emerging domain that integrates two or more biometric features to overcome certain limitations of 
using them individually. In this paper, a Multimodal Biometric System integrating Fingerprint, Palmprint and Hand geometry is 
proposed for identification / verification process, which is essential for a security access of information or region sectors. Though 
multimodal system results in good match rate, searching time for a match is long and incremental depending on comparison 
numbers. There is more scope for refinement in the search time. With this motive, this paper discusses a robust suggestion of 
extracting gender information from the multiple source samples in order to minimize the search time during identification and 
verification process. Classifying the samples either as male or female in an accurate manner, will help in dividing the entire 
Biometric database into approximately two halves, one corresponding to male and other pertaining to female, which will be very 
helpful for real time applications utilized for both identification and verification process of a known and unknown individual. 
Since various researches have been carried out on determination of gender from fingerprints and palm prints, we suggest the most 
accurate methodology amongst them for an enhanced identity verification system. Additionally we have also discussed 
employing Hand Geometry for obtaining gender information to enhance the accuracy further, taking the advantage that these 
features can be acquired from the same image used for extracting Fingerprint and Palm print features. 
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1. Introduction  
    The term ‘Biometrics’ is a combination of two words: ‘bio’ meaning life and ‘metric’ meaning to measure. It is a 
technology that analyzes physiological and behavioral characteristics for personal identification of an individual. 
Biometrics is considered to be a great tool for security because of its universality, distinctiveness, permanence and 
collectability3. It is one of the biggest tendencies in identification of an individual accurately1 and indeed a 
permanent password present naturally within every human being. Human beings are gifted with a number of unique 
biometric features such as fingerprints, palm prints, iris, voice, hand geometry, gait, retinal structure, facial features 
etc. 
 
    Unimodal biometrics is a category in Biometrics that analyzes only one of the unique biometric features and tries 
to identify the individual. However, many unimodal biometrics systems suffer from limitations such as the inability 
to tolerate data deformation due to noise, deformation of data from the sensor device, distortion due to 
environmental noise, and variability of an individual’s physical appearance and pattern over time3. Further research 
in biometrics enabled a new category called Multimodal Biometrics, which combines the use of two or more unique 
features to identify an individual. Various papers were presented on fusion of biometrics like, fingerprints and iris 
recognition, fingerprints and hand geometry and many related work were carried out and succeeded. 
 Gender classification is a vibrant area of research under biometrics that has gained a great deal of interest 
recently. It is indeed a Pattern recognition problem, which is really challenging2. Extracting gender information from 
a biometric sample can help in narrowing down the time for identification of the exact individual. Determining 
gender information from hand images has several important advantages. Capturing an image of the hand can be 
done more robustly than capturing an image of the face. There are several biometric systems today that can capture 
hand images with high quality by controlling the position and orientation of the hand as well as illumination9. 
Similarly, hand appearance shows less variability compared to face appearance which is affected by many factors 
such as facial expression changes. Finally, gender information from hand images could be very helpful in improving 
the accuracy and robustness of hand-based authentication and identification systems10, 11. 
2.  Motivation 
      In 2009, Yong Jian Chin et al published a paper integrating Palm print and Fingerprint for Identity Verification3.  
This paper makes use of the advantage that both fingerprints and palm prints can be extracted from the same image 
of good quality. However identification of individual by this method can be further enhanced if obtained samples 
can be classified either as Male or Female from the features extracted from the fingerprint or palm print. With this as 
motivation, we try to analyze methods that can determine gender from fingerprint and palm print samples with good 
levels of accuracy. 
      In 2012, Gnanasivam P and Dr. Muttan S, presented a paper on “Fingerprint gender classification using Wavelet 
Transform and Single Value Decomposition”4 and obtained a mean classification of 88.28%. This research analyzes 
results of combining SVD with different levels of DWT and finally concludes by stating that SVD + Level 6 DWT 
is the most optimum method for gender determination from fingerprints4. 
    Recently, Kewal Krishan et al studied palm prints of North Indian people and analyzed the gender difference from 
ridge density of palms5 and achieved a decent mean accuracy of 70.2% and 71.8% in the right and left hands 
respectively. This study focused mainly on crime scene investigation by analyzing 4 primary areas of the palm.   
    Since recognition of both fingerprints and palm prints require the image of the whole hand, we can also extract 
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hand geometry features like breadth of the hand, finger size etc.  So to enhance accuracy of gender determination we 
also suggest hand geometry in addition to fingerprint recognition and palm print recognition.  In 2008, Gholamreza 
Amayeh et al proposed a method that could classify the samples either as male or female with a great accuracy of 
98% using hand geometry6. This method represents geometry of each part of the hand using region and boundary 
features based on Zernike Moments (ZMs)7 and Fourier Descriptors (FDs)8. To classify, the distance of a given part 
from two different Eigen spaces, one corresponds to male class and other to a female class.      
3. Existing Methodologies 
    In this section, we discuss in detail about the various methodologies handled by researchers for determining 
gender details from the samples of fingerprints, palm prints and hand geometry separately.  
3.1. Integrating Palm Print and Fingerprint for Identity Verification 
     Yong Jian Chin, Thian Song Ong, Michael. K. O. Goh and Bee Yan Hiew came forward with a paper in 2009, 
integrating Palm print and Fingerprint for Identity verification3. The image of the hand obtained was first enhanced 
using a series of preprocessing techniques, followed by extracting of fingerprint and palm print features using a bank 
of 2D Gabor filters. The pre-processing techniques include cropping of the input image, followed by image filtering 
and performing 2D Discrete Wavelet Transform of the image. Finally both fingerprint and palm print features were 
concatenated into a single feature vector as shown in Fig.1. The system was able to achieve Equal Error Rate (EER) 
as low as 0.91% using the integration of fingerprints and palm print features. A bank of Gabor filters were used to 
filter the palm print and fingerprint images in different directions to highlight various characteristics and remove 
noises12 as both Palm prints and Fingerprints share common characteristics like creases and ridges. Though this 
method of integrating palm print and fingerprint does not emphasize anything about gender classification, we try to 
enhance identity verification by determining the gender of the sample from the image of the hand.   
 
 
Fig.1. Fusion Framework of Fingerprint and Palm print 
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3.2. Gender Classification using Fingerprints 
      Fingerprints are the natural patterns found in the human fingers. The ridge configurations present in the fingers 
do not change throughout the life time of an individual except due to accidents or cuts and shows variations even 
between twins, in spite of an identical DNA structure1. Moreover, Fingerprints are chosen by various researchers 
since it is possible to identify the gender and age easily from fingerprints because of its uniqueness and stability 
throughout lifetime13. Recently, Gnanasivam and Dr. Muttan proposed a Gender classification method based on 
fingerprints using Discrete Wavelet Transform (DWT) and Singular Value Decomposition (SVD) 4. Wavelet 
Transform is an efficient tool that offers greater flexibility and lower computational complexity compared to other 
techniques14. Similarly, SVD has good information packing and potential strengths in demonstrating results4. The 
fingerprint obtained is decomposed with 6-level decomposition of DWT. The Sub-band energy (E) and Eigen 
Vector (V) are calculated. E and V are fused together to form the feature factor, followed by the application of KNN 
classifier. A pre-built database is used to test the classification accuracy. The authors have analyzed the individual 
results of SVD alone and compared it with different levels of DWT alone. To enhance the classification, the authors 
have also combined SVD along with different levels of DWT (level 5, level 6 and level 7) and concluded by stating 
that a combination of SVD along with level 6 DWT produces the optimum classification mean accuracy of 88.28%. 
 
Fig.2.DWT and SVD based gender classification system4. 
3.3. Gender Classification using Palm prints 
      Palm print refers to the image of the palm region of the hand. The main difference of palm prints from 
fingerprints is that palm prints also contain information about texture, indents and marks which are distinct 
compared to the other palm itself1. Krishan K et al. presented a paper on variability of Palm print ridge density in a 
North Indian Population and its use in inference of sex in forensic examinations5. The research group studied palm 
print structure on 157 individuals (47 male and 110 female). The group differentiated the entire palm into 4 defined 
areas namely, the central prominent part of the thenar eminence (P1), the mount distal to the axial tri-radius on the 
hypothenar region (P2), the mount proximal to the tri-radius of the second digit (P3), the mount proximal to the tri-
radius of the fifth digit (P4). The ridge densities were statistically analyzed by the team for each of the designated 
areas diagonally using a square measuring 5mm x 5mm. Receiver Operating Characteristic (ROC) curve analysis 
was done to analyze the ability of these obtained ridge densities. The team concluded that the mean palm print ridge 
density was found to be greater in female compared to male in all four areas defined. The ridge densities in P3 and 
P4 areas of the palm print showed bilateral differences in both male and female samples. The P4 area is observed to 
have the maximum gender differentiation potential for the palm print ridge density followed by P3 area on both right 
and left sides. With ROC analysis of the Palm print ridge density, Krishan et al5 were able to produce a decent 
accuracy of 70.2% and 71.8% for the right and left palms respectively. Though, Palm print as a biometric suffers 
from few drawbacks like changes with time depending on the type of work the person is doing for a longer period1, 
the team stated that it can still be considered a supportive trait in gender inference or in absence of other means.   
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3.4. Gender Classification using Hand Geometry 
      Hand geometry is a biometric that makes use of shape of hands to identify the individual. Studies show that 
average hand length and breadth are found to be greater in males on comparison with females15. Gholamreza 
Amayeh et al. proposed an accurate system that can extract gender information from hand image. The hand image 
was acquired using CCD camera and a flat lighting table. Binarization of the image is performed followed by 
division of the hand into 6 different regions. Necessary features are extracted using both Zernike Moments (ZMs) 
and Fourier Descriptors (FDs). The distance of the given part is calculated from 2 different Eigen spaces, one 
corresponding to male and other corresponding to female.  Finally, fusion is performed using Score level fusion and 
Linear Discriminant Analysis (LDA). The team evaluated the system with a small database of 40 people (20 male 
and 20 female) and were able to achieve a huge accuracy rate of 98%. Motivated by such a good accuracy rate of the 
system proposed by Gholamzera Amayeh et al.6, we try to integrate Hand geometry features for gender 
classification to ease the process of identity verification. Moreover integrating Hand geometry to this system will 
not require a big modification, since the same image used for fingerprints and palm prints can be used for hand 
geometry Biometrics also.  
4. Proposed Design 
 
Fig. 3 Integration of Fingerprints, Palm prints and Hand geometry 
    From the survey of various methodologies conducted, we propose integration of Fingerprints, Palm prints and 
Hand Geometry as explained in Fig.3. The Region of Interest (ROI) should be detected separately for each of the 
biometrics considered. Then, necessary features needed for obtaining gender information should be extracted.  Three 
separate Scores are generated, each for Fingerprints, Palm prints and Hand Geometry respectively. The generated 
scores are integrated together and matched with the samples in the database and the decision to accept or reject is 
taken. Extracting gender features from the samples separately and finally integrating them can surely minimize the 
searching time taken during the matching phase. This system can serve as a secured authentication in a Cloud 
Computing environment.  In case of any intrusion instead of a registered cloud user, the gender of the intruder can 
be determined using this system to further ease the process of finding the type of intruder.  Thus this system can also 
help in both verification and identification of an individual in Cloud Computing environment. 
 
5. Conclusion 
    Hence, in a Multimodal biometric system which integrates fingerprints and palm prints for identity verification 
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process, we suggest that Gender classification can surely help in minimizing the search time involved while trying to 
match the template in the database.  From our related survey, we propose to apply methodologies for determining 
gender based on fingerprints and palm prints along with Hand geometry, since the features required for hand 
geometry biometrics can be obtained from the same image used for extracting fingerprint and palm print features 
and hence minimize the linear search time.  This would be possible since the search now need not be performed 
linearly on the entire database, as obtained samples are classified either as male or female.  Moreover these methods 
can help in partitioning the entire biometric database into 2 databases, one pertaining to male and other 
corresponding to female, by extracting the features needed for gender determination from the stored samples. This 
would be very helpful in searching an unknown among known.  Moreover, as fingerprints and palm prints are 
provoked to the risk of being affected over years, we propose that Hand geometry can surely aid in enhancing the 
accuracy of gender classification, since Hand geometry remains unchanged over years.   
    Our future work would be intended to experiment the proposed Multimodal Biometric system on our own 
database (newly created) and to provide evidence for the proposed idea that uses gender classification techniques 
from multiple source to lower the search time during identification or verification  process while trying to access 
secured data in the cloud. 
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